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fitle of Thesis: A Dg C, AMPIIFIFR WITH SMALL DRIFT AND ADJUSTADLE @AIN 
Anthor: 1iI% GONAACA LANCSON DOTRA | | 
_ Submitted for the Legres of Hester of Selenes in the Department of Electrical 
Engineer‘ny on May 16, 1951, 


The preblem of amplifying slowly varying aignale is an oid one. 

she use of vacuum tube amplifiers for the eae is consider= 
ably hie cated by the fact tiat the lon frequency of the signeale pree 
chides the use of cunuct tive ean Tee befwesn the ataged and thie brings .. 
Uferth the problem of drifting, sf f. 
| Varions solutions huis been proposed, each one with a definite 
oo aprlication, 2 
| Que obvious way of mictng possible the use of the com:on Rel 
Ponisi amplifier is to modulate the signal we want to amplify and at . 
the end to demodvlete it throb a phabe sensitive demodulator, 
; Suis thesis 1a coneerned with euch en aprldestion, using & Pye 

chs ®chorner” as modulating device and a vacuum tube nt Oh te & phase 

ae full wave Zenodulator, Feedback is used in conjunction with a 
high gain h-C cousled acyl Pte: to statdilize the gain, Phe device has a 
low output impedance, of the order o” 10K, and a high input Impedance, of 
the order of 1K, 
, Other peclfications are: 


a) Three exparate, additive ‘nputs, 


| pe Fe mses 
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“ 
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such type of application in which no constant adfustment is allowed, 


are not ideal cevices due to strict conditions they imoose on the power 


fiodulste it after the amplification, 


a ing demodulation, 


; sunes very little power and doesn't need toc much space, Since nearly all 


HISTORY OF THE PROBLEN aoe 


Troubles with &, c, amplifiers are too widely known: to éenerve i 
an extensive comment, 
It is enough to say that the tendency to drift and generally 


varying conditions of operation of such devices makes them unraliable to 
Besides, even in the situdtions they have to be used they etill 


supply, tc their price and to the continuous attention they require, 

One sidan means of improving the drift problem is to use an — 
Re coupled amplifier, Sinee the required size of the carponente makes 
thie type of anpli fier unsvited for low frequency amplification, the 


_ solution it to modulate the signal, amplify the modulated signal and de~ 
Several metho@s can be chosen for the modulation and correspond= 


Rhen the fraquencies to be amplified are not too hich switch- 


- Ang nodulaticn using a mechanical type contactor presentr some advantages, 
vacuum Be - the modulatine circuit 4s very simple, the contactor con= 


contact ore are sinrle-pole, Coublie-tlrow, they are euitable for full wave 
| modulation, 
The Rev, Sci, Instr, qr, 194 ~ 1946) has a report from Liston 


et al describing: an applifier to be used as 2 substitute for a very low 


1S ae oe 

resistence galvanometer, having two aynchronized contactors for modulas — os} 
tion and derndulaticr, 3 ; 
Approxinately on the same ocsis, the A, I, B, E, Transactions 


, (67, Vol. I, P, 47) brings a report from Williams, Tarpley and Clark, - ane 


describing a dec amplifier stabilized fer zero an? gain, to be used for 


measurements of vory omall voltages and currents, Variations of the = 
basic desirr for low anc high {iepedance input eireuit and for series end 
paralled feocback are uriefly described, rite 

Severe) docks make references to the possibility ef using con- ; 
tactor moduleticn te Irpreve tho qualities of stability in dec amplifiers, — 


Theory of Servorech.nisms (James, Nichols and Phillips) dedicates 


> 
i 
* 


- wa 


_ 2 fer pagee to contactors ané their applications, 


a 
Lr ae 


i Waveforms (Chance, etc.) describes tro types of mechanicul con= oily 


sf 
ul 


j 
pe 
1 


_ tactors and points out their advanteyes over their electronic counterparts, 


No worse literature was found treating of this partioular problem, 
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SUMMARY 


Servo systems have a -need of amplifying devices for electrival | 


Soret tan 


considered to have as smal] interaction ar  poandiite with the gute 
elements in the system, nasely high input inpedance and low output non a Al 


fie have proposed to design an anptifier which #411 follon as much | 
&s possible the following characteristica, . " : 
Le Three separate additive inputs, besides. the feedback : Se 
2- Lieut peaba ante of at least 1 W for each input ee | 

' 3 Adjustable gain in 4 steps: 1, 2, 5, 10 


4e Accuracy better than 98%, namelye 


Fo | a (a, + By 8) 
r a gate = o.oe 


ene ee ee Ce meere tee me 


for aiuuecs dal ifpute of frequencies from 0 te 40. ens aa 
5~ Output resistance of 10% ohms or less 
€= Stabilized power supply is not provided | 
! In starting the planning of such an amplifier the paper eek s, , 
Williams et al*® was thoroughly read, aipee bis problem has pointe of 
similarity vith ours, en Mri 3. ae : 


_ The main differences ares 


a) Wiliiem's amplifier is designed for exceedingly low level essoales ae 


b) It-4s ‘supposed to amplify essentially D, C, signais, 


* Referenes 1 


paar pet's 


a“ +n \ te, y 


c) The power level at the output is sufficiontly low to permit the : 


use of a chopper to demodulate the sirnals, 


With those ideas in mind we tried to modify William's protect to 
our objective and simplifying it as mich as possible to eliminate the 


most of the espentially “precise" features, 


such as shielding the ampli- 


fier, stabilizing the power enprly, using high accuracy components, etc, 


Description of the system 


.* 


A block cfagran of the system follows and after thet the comnon- 


nite will be commented vpon one after another, 


contactor &. @ switch 
arplifie denodulat ez 


Input filter - It is supposed to attenuate all the frequencies 
out of the chosen range, especially 400 cps since a 400 cps signal coming 
in will po through and have the same effect as a D, C, input, 

| (At the game time {t mst provide for the input impedance we wiah, 
- Contactor - A 400 eps Stevens Arnold mechanical "chopper" was 
chosen, The frequency of 400 cps has two good advantages: a) it is 


high enough to use an a, ¢, amplifier to food advantage even considering 


~ 


a 


a. , 


7. See ee eC 


the bandwidth of €0 cps; b) Ita ratio to the maxi num fraquency we wont to 
amplify 4s high enough to callow good amplification, ap 

The "chopper" itsolf didn't show ideal qualities for the low ae ic 
fnovt we wanted to use, It oresented a slight sero error ~ desides that, i 
it seemec very stable in rhat refers to the duty cycle, nanely the fraction 
of a cycle, The contact remains open or closed, | - | 

A,C, amplifier - A 4 stage amplifier using a 616 as output was) 
desirned, 

Two 6SL7's twin tricdes wore used, the socket of the first one 
vas mounted on rubber to decrease mechanical pick-up, 

The first tube was connected as a cathode follower and this 
connection preved a big tuprovezent over the regular grit conrection, . 
Although the resson wasn't completely understcod it seemed to be related 
to cee neces on grid current as cause] by t's switching action, 

The isis 4 was desiened to have optirum nea rina: ee at 400 ona a 
and lew drain then no st beet was apolied, | 

A notentiometer was usec between the tro 6SL7"6 in order to vary 

he gain of the system at will, 

In the output to the demodulator a step-up transformer was uged 
to match inpedantes, . 

Switch done: Zulator «= broadly speaking it consists of 2 separate’: <_ 
parts: the syuchronizings cireult and the demodulator itself, 

Ths synchronizing circuit uses the other side of the g,p,d.t.. 


chopper to provide a signal which ts further amplified by a 6507 and 
goes to the devoculator across a step up transformer, A capacitor is used 


ah Latuonwns 1h... 008 


a 4 


& 


10 Pie | hae 


across the primary to provide adequate phase shift for correét synchro=. 


nization, . 


One advantage of this synchronizing shreutt over the direct cons 
nection of the 400 ene carrier to the demodulator 41s that any phase nite 
due to mechanical stock or otherwise which occurs at the sechanical ewiteh 
will pit affect the synchrenisation since 4t will shift the sychrontsing 
‘signal at the sane time, The Geaoduletor is 4 four double diodes cirouit 
Gescribed in page 402 of Sevetoren* and which is the electronic Ba 
of the “ohoprer". Its advantace over the "chopner" Ls the fact of greater | 
power capability, Its ai aadvantaver 4s ‘he non linearity, viel will caude 
the comron distortion characteristic of Giode rectification, =~ Nod 

‘Output filter - only a eapacttor was nsed across tha; feed. resistor, 
to filter the 800 ops riprle from the sectibtentions My “hg hen 

a value as small as possible was chosen in order not to produce 
undue attenuation to the signal, : 

Attenuator - The overall gain is chosen threugh this attemator, 

In the experimental model it was just a ‘shied nganean Or in a | 
final set-up it should consiet of 5 resistors in series; their valves 
should be chosen in sueh vay that when the feedback is connected between 


2 of them through a multiple throw switch, the amplifier wAlL have the — 


correct, gain, 
Theory of Operation 
Although our reeearch was almost entirely of Sip ediinat al ‘nature 
some theory had definitely to be used in order to see whether or not the ie 
vi ee 
procedure we were following wag lorical, % ; eee, 
Some statements which are being and will be made in this eae 
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will be explained in more detail ister on In thie report, 
The firal.a, c, amplifier used in the se ‘tem was atts to have 
a calibratible, gain, with a maximum of about 1° from the duets grid to the 


secondary of the output trensformer, across the load = making use of the 


simplifying principles Jaid out in Applied Electronics * and with data 


_ from the RCA tube manual, the amplifier was deeigned with a flat renge 


of amplification (within 5%) from f, = 290 cps to about £, « GOK, This 


" targe upper frequency cones essentially from the fact that triodes with 


ee a very low inter electrode capacitances have been used, 


ef ly 


Since we can definitely correlate gain attenuation with phese shift 


hss ate, will indicate a very small phase shift sbove and below 0° for 


: 
Ses hee 


_ froquenctes: between 10f, and 0,1 f. or 290 cps to 650C cps, more precisely 
ote por stage at thoge limits, 

This would give a phase shift of. about 30° plus the phase shift 
- samoed by the output tranaformer itself, 1 
mise As a broad atatement we cen aay that the a, c, amplifier will not 
ereate: any probles of instability, 
. + Moreover, for frequencies between 360 and 440 cps this phase, shift 
ait Bbstchais be much enaller, 


A Pourrier analysis of the input @aveform shows that the "chopper" 


wd create a modulated square wave weich contains the sun and difference 


frequencies of the elgnal with each harmonic of the "chopping" frequency, 
plug an average voltage wave, 


We will be concerned ahieukiels with the fundamental or its side 


_ # Reference 3 


J ipods a 
bands, since the averare ani the higher narmonics will be attenuated at 
the oviput trensformer, demodulator and output ‘ilter, oe 


They certainly will not have a marked effeot on the gain eince | 


i“ . " 
Fu um 


thie harmonic effect deels almost equally with all the modulating frequens fy 
cies we care for, which constitute 2 relatively small fraction of the care ‘* 
rier frequency, 4 

if we are allowed to muke en image, we would say that the range ah 
of frequencies we deal with are aluost punched at a sine on ‘the curve: pee 
transmission versus frequency, of the a, ¢, amplifier, 

Raving rade some elimplifications in the treatment of the stgnal | 
loop, across the a, c, amplifier we stil! have to deal with thie denedwlater: 
and output cirerit, and input circuit in order to verify the poseible ei 
shitte to the signal, | ii 

The demodulator iteelf 4s a purely resistive device, However a’ 
capacitor is usec in paralled with the lose resinthios in such way that & 
simplified circuit for the signal from the secondary of the output trans» 


ferner is as Poliowa, 


Tris condenser is nged te smooth out the 800 eps ripple which | 
cores. from beg full wave rectification, . 

At che worse conditions it would bring a go° phase shift witch ae 
added to the amplifier phase shift would etill be emaller than 180°, 


In the input circuit up to the ® "chopr er™ there in no capscitor 
and so we are fairly safe in the matter of stability, This statement ie 
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described later, 


a 


signed to, 


| well suited for high gain and excellent stability, 


13 + 
made regaréing as valid the simplifying aseumpiions made previously, — 4 ; 
nanely, that the loop attenuation of the 400 eps "choprer frequency" and 
$ts baraonieg ig high enough to be neglected end that we deal oniy we 


low frequency signals which enter by no other place besides the taput. 


Under those ideal conditions the gain could be stabilized a8 muoh wif 
as we wished through feedback, | Re : | : 
Thermal noise would be the dtutting factor for maximum stable gain, yg 
Actually the streutt behavior deperted somewhat from those tee 


“tying assumptions, due mainly to the 60 cps plckeup roteh could not. be - 


curbed enthrely with the resources we could count with in the iatoredlehe ke 


an the means we tried to uge to decrease this effect win be " 


The Texbeaen loop géein obtaineble for . a pure D, Cy. stenal Wag ‘a 

vi tian ar ae 
the order or 40, and slightly aa for A, ©, signals, Sy ae mee 
The conclusion reached on the end of the investigation is that | 


the systen as planned is good and should be able to ao the Ny it was ae » an 


Improvenents in the construction technique, such as” “good sidelaing, 
good ground anc a decreasing of "zero error® will nake this systen very 


wil oat 
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FOLLOWED IN THIS PROBLEN 


In the deserintion which follows no attempt will be made. to 
Cescribe 411 successes end failures vor to show how the tine was spent 
"$m the projoot, Only significant results will be described, 


At the start of the investigaiion, several questions were bound 


po etsy ow would a system like this behave in clesed loop? 
cath Mast onder of magnitude woul? be possible to use for gain? 
OP aa ¥ ag 
(hag _ How carefully built shoule the components be? 
pee oy Should = narrow bend or wide band amplifier be ured? 
ye Nea Wheat should be used ae a demodulator? | 

ies a. How difficult is the synchronizing problem? 


eo Maat relative importance woul¢e havo thermal noise, thermoelectric — 


et. effects, 6© and 400 cpa: pick-up, magnetic induction, eto,? 


oe yi wie To get a vougl idea of how, the apaetaatn would be enawered a 
- eysten basically similar to the ons drhgine’as planned was set up, 
Re | ‘The main components of the system were: 
oy oO Brown single pole double throw contactor weaheas by 1€ volta, 400 ¢ 


Ba. My) / Ballantine wide band amplifier; 
is tha ~ Feedback Contre] Laboratory model BE ES - 6 gated demodulator, 
: “using triodes, 


* rh Besides those components, the sip tat and output cirovit «ere toes 
+; "ganic as the ones to be used in the future, an’ can be found in the diagram, 
4! 

py! The folloving voltage supplies were needed: 


| 110V, & cps, for the Pallantine amplifier 


‘98 i 
i My > ooe 1 
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ft 


ast 
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a ee a 


Lt Se 


the output filtering brought the over-all gain a]] the: ray dom. 5) 


250 V 


» Ge C., positive ard negative; 6.3 ¥, 60 


epssy 110 V, 400 eps, all for the demodulator 


1@ V¥, 400 cps, for the "okopper" 

It would be tiresome for the reader, the description of all Co 

successes and failures before final conclusions were reached, The main oO 
points, bowever, will ‘e commented upon in the same way as the final eget 
clusions, | ia 
. To start with, the over-all sats of the system second to rf: tay 
somewhat low, The Bullantine ampli t ter uses feedback and hae an over=. Me 


all gain of about 300, The denodulater*elso has gone gain since st is ree 


a triode type Peano which detects and amplifies at the same tae, 


The input ci renit used, the low impedance output eireult “hea! eo 


The figures obtetned are as follows: 
a) Output across 9 capacitor ently, 0 
Over-A 11 gein‘for a dae signal was about 450 with 
less than 2% ripcle, Wy 
b) Outpt aeross a 2EK potentioneter and a + mf 
capacitor, Overeall gsin for « dee signal wae about 100 and for 20 ope ag 
Mihai vas edout 10, | 2 Bar 
It is evident that euch a lurwo Bid terenes in gain corld not _ 
be compensated through feedback, j 
| There was ne stability problem with this circuit, The feotback 


vatic was varied at will, 


A 
~ 
‘ 


effects atentt show up to any great extent, "i a Kn 


re 


“desired components such as transformers and condensers, The’ ultinate 
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The chief troubles met in this pert of the work were: ee 

a) "Chopper" + The operation of the "chopper" was ~ | 

erratic and sometimes several hours were spent trying to adjust ite con» Ree, 
taste, As soon as it would start to ere the contacts would cone arate of 


ertinert again, 


greet: 
fe -% 


Banides, the 400 eps F koi WAS sonewhat ‘higher than expected, 
b) Denodulation + The synchronization of the reference 
and efenel voltages was very difficult 4p not impossible to obtain, RR 


R-C. network was nuded in the 11CY, 4CO cp 8, 


ayachront zing line, and aaguet- : 
ed to give the smitest ripple, Bver so the results were very poor, none * 
‘The nero output errer could not be olindig ted ‘from the denodu- — 

lator, By zero output srror, we mean the output xhen the input to the Fi 
denodulator is, shorted, oh on 
A compromise calibration had to be used to rive mini man possible | 

ula vith minimum possible ovtput error,” | ; . 
| ¢c) Other causes = Nothing ele pirat to Anfluence. 
the operation, of the yates eppreciahly, 60° ops pick-up and ‘other minor 


re 


After those conclusions had been reuched a new aysten having @ 


Maver gain was built, using now a new type of "chopper", 
. This | new system was actually identical to the ultinate syoten 


| spreering in the diagram, except for the first tube which was not, present, ‘tig 


Bere 2 di fftouity was experienced in getting hold of some of the 


choice was a compromise, meaPly the choice fell on the best possible 


components which could de the job an* at the asme tire could be oveninel: 
_ at the Feedback Laboratory, | 
Following the practice of going frow the simpler to the more 
. . complex no particular care was taken at the start for decoupling the power 
supbly ot preventine some cth=r possible “Leturbanees, | ? 
The a, ¢, amplifier worked very well by itaelf, except for the 

60 ithe “hum* 3 even that eas not too disturbing, a a 
| nae After the amplifier was checked, the 400 cps was connected Mes 

yea 3 “the chopper" and a dec signal was applied at the denne 

The effect of the suitching operation of the inpet of the first 


; ertd was eat ee than suspected, giving a peak voltege several times the 


Tee amplitude of the square wave signel, 

5s ues It was suspected that the synchronizing cirenit was ae 
4 excessive current an? at the same being covpled to the aignal circuit 
e. throazh the "chopper", Change of the Noda reaistunce of the synchronieing 
ctroutt square wave generater from C,5u te 5 HM improved the situation 
P. ut, dant eliiinate the trouble, A small 1400 uif capacitor between grid 
i+ art cathode was the solution for the problem and thie particular distur=. 
@ — preetivaliy disappeared, 49 expected, this capacitor brought with 


“at ‘eonsiderable attenuation for the input signal but 1t was a price worth 
ah - Paying. | | 
_ The next trouble te be met wags the matter of synchronizing the 
a and the signal voltages at the demodulator, It was solved by 
a convenient choice of capacitors to be connected shunting bhe primary 


® of both otput transformers, Those condengers also accomplished the 
s 


, 
; 
) 


cps rivple present at the ovtput, fy. ee 


ita nd : hal. See 


pt anni Caincetona: 4 os of improving the 490 eps response of both ofireuits, 

by reundiag the corners of the stillevery~neerly~square waves at that = 
point, ané Ao rreventing them from being differentiated across the trans 
formers, <1 


Tho fulloring problem to be met was the filtering of the B00 


It was decided to uee one condenser in paralled with the lead 


resistance, Wa Oh ae 


be 


' 


Its velue was @ conpronise between an optinum high frequency ( 
attenuation and a smal] lor frequency attenuation, . ) . en 

Finally the question of 60 cycle "nun® ras coped with, Tt ras 
decided that decounling om the rewer suprly was necessary,” ¥ : 

Tis decoupling vas performe! and e good improvement res noticed, — 


fy 


After all those corrective operaticns were done the syeton was 


tested uncer actual working conditions, 


At sero signal input there was dec and 60 cps present at the. ba 


40 if. 2 


cutput, However the amplifidation for beth d-o ané a-¢ op to 40 bps taken 
fron Xs audio amplifier wae of cood quality, \ ei 
The chief drawback of this systen was the small over-all gain, 

due to the several attervations scattered alongs the signal path, 
The maximus vossible gain was of the order of 25 and there FAB no. 

rouble in increasincg the feecback ratio to a point where the over-all gein 
— 1, No oscillations occurred fue to such small loop gain used, ; 


The finel conclusion reached at for this perticrlar system was 


Ghat it wes. in general gooé, The maximum gain wea,however, smell] to insure 


the gain stability through use of negative feedback the way. ¥e wii exo 


be, 


to the choice of one of then to sive the additional von cek eae 
only one stage of ampli fiertion was needed the remaining triode was to be a 
used as # cathode follower, This connection has the advantage of neking 
the input capacitance of the tube much lower * than it, is for the regular 
amplifier input connection, This doverst: capacitance should decrease. the Ee 
input signe) attenuation and, as worl? be not iced on the actual operation, i 
helps to elininate the denned ott effects of the awitching speration, 

Ar, additional feature was the iitubluatden of t Semeietacascoe am 


betwoon the tro 6SL7's to provide a variable gain to the amplifier, 5 : i 


“hay 


SS 


The plate supply for all tubes was decoupled by neing ReC net~ am 
worke, . ae ; 

The circuits for the a,c, amplifier and for the synchronizing 
Eiectts were calculated by cur onn Judgment and with helo of the RCA 
handbook, ** 

The a, c, amplifier was tested at first for static conditions 
tet Dine and supply voltages, 4 60 cycle "hum was presont ed along and 
Gue.to the high pein of the amplifier it was enough to saturate. the output, 


** Reference L 
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and thie was necompRiened: by ¢. bridge circuit uaing selenium rectifiers, 


troublesome and this wan solved by crounding of the 6,3 uc, heaber spy eae 


. supply couldn't ba entirely eticinated until the end, They were decreased 


to the minimum value possible, without use of shields or any other elabore | 


2a "ground", nen ve ave trying to achteve a goee operation at Jow level, 


_ 400 eps wers connected to the "chopper" and a d, c, signal wae apoiied to 


aug 
The first place where it appeared was scross the erid resistance of the ~ 
input tube vhen rothing else waa connegted to the erid, 


tt was ther decided to use rectified heater supply to the estte 


‘aes 


a 
plus suiteble filtering, Crevnding of one side practically eliminated th : 
60 cps trouble on the tro initial stages, The size of the decoupling 
ceraciters at the later steres was increased and nore improvenert mas Bi 
noticed, | 


Even so,the disturbance at the output tube was ati’! quite 


be 


across 4 30 omma rosistor from each side of the line, 
; h 


Those a, c, disturbances comrine primarily from the 60 cps 


. 


‘ 


ated construction metio?, 
Another trowble which persisted until the end was Icck cf a good iy 
any small variation counts, 
As we Can sec it, the two facts above were the principe] causes 
which limited the maximum obtainable loop gain, 


« 
After the a, c, amplifier was teste? for a, ¢, operation, the 


the input. 


oe 


supr ly. 
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the waveform across the unfiltered load with a seope, 
The sero error of the "“choprer® was somewhat decrensed by g> gz 


ing the center tap of a notentioneter connected across the 6 volts, 


Cneration with dee and with a-c up to 40 cps was tried before: 

feedback was. ettempted, ibs a ie See 
The additive characteriatts otcbie davies’ wOneiait Gh applying _ 

peerete at two different inputs, measuring the output and verifying the 2 
linearity of the results, ES 4 
At thet point the feedback connection maa made and the gain was 

measured, The maxinun locp gain was atin less than what ve desired it to 
be, but no insrovement was in sight right eway and time was running short, 
The gain can be calibrated fron 1 to 10,as desired,as long agatha 
weeiitio: gain is decrease@ low enoush to prevent aseillation, rele 
T+ can be daereased to high values ,bat alneys bearing in rind. 

that the feadba 2ck has *y be decreased accordingly to confors itself with 
the maximum possible loop guin, which ultimately determines the stebiity, 


as we can recall from the principles of Nyquist, 
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reading, 
| They are presented in the next two pages, | 


B, vsi 


The following diagram is a good approxisatiion: of P the 
behavior and will be used for the enelysis which fot ons, 


Ae pean 
Due to the high gain of the amplifier, the sare ‘voltage it 


be, by necessity, very small, In this way the input ourrent can be. neg= 


lecte? in this analysic,since the dnput impedance for the a, c, onplifter, 


is very high, 
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ee Tne above equation shows how the input elgnale add te frem the 


Ann voltage to the amplifier, 


em the minus sien is placed arbitrarily, 


Then we mey write: 
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Ge knor that e, = - he, where ia the sar sist ae of the eyaten, 


Now the gain of the system can be obtained as: 


Gain of the system Pe Ma Z =. 
jae is 


SS the 
4 + ip 
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For purposes of discussion of stability usivg the Nyquist ae 


criterion the above expression can be written in somewhat different way? 
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“Fe ast B 


compared nse a system using a single input and series voltage feedback 


. when the equation for the gain ‘8 the widely known, 
: B 
+ 46 


hos 


2, Quinud smnedarce 

Tre outnut er can ey defined by the expression 
zo Fe "Ee a: 2 
Under those iauiatand of zero input signal we are able th iitte b 

_ the node equation at the output resistance, — Teg SR ee a . LS 
ohio ee = i) 

1 nate Wea 
Now ve wish te express all voltages in terms of eo Using the Rie 
fact. that ale Re 


if 


Bo * Be, ard @, = «= ae 


it is nossibie to write 


Shiai 


De ‘i 

eine a ing! Kg ; 
“Vb bh ube del ke : 
Wise Mak lee 

le io i 


i ae 4 


7 ) PE Ce ee 
} ; : + oan 
+ Cae See , vot) on 


he | ae fe: ae 
an . A oe 
uy ie . 
26 ost ys RR on 
" a 8 Uae cs 
oe 
3 ‘ toy, 4 tyr 
a ‘ ie Mohd te 
4 fi 
call 


a . Since yy») and with good acproximation in nost cases Te 
i p» % S 
ve We have 
R, R! 
> 4 °2 


SS tee 


0 ety +R) a3 ! “oot tall 


practically Rye However | Dyan 
*... Therefore 2,5 ae eae = RY a EEN Eien 3 


“whteh is actually the total lead rien place at ‘the: oxtrate 


“ . eek g ae. oe an ° oF Sue mg % - he 
3. cmiaik pibainasi | gee ty ee 
. My race ~ i 
awn 


ie # 
Su for e, #@ 


by 


with the Hedi ead sthrines it 4s ee vat! i: wetten® 


oy a, -¢@ Rg sca oe: TENS 
1 ot hs Bh Seta 
| 1 R | ME Teh e 


As has been seen previously when the Gain was discussed 
= 40 + 80 _ Ze + feo “inoue : 
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For @, « 6. = 0, we have 
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This denorinator is very nearly 1, Therefore, with good oopriaas 
* Imation, the input Sapedance for each: input can be considered ag given = 
=, ‘the resistance placed in series with wach input, merele 


The contactor modulator, commonly known as mehopoe™ is, we a 2 


| The daca of carrier voltage picked up br the signal circuit 
BY ‘ Aepands +  gote extant 08 the impedances used, For low impedance circuits 


x3 
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|. of the rininum signel to be amplified, there is nething else wrong ith» 


this amcust is quite low, 


In the medium impedance circuit 1t was used in, the pick up wes 


1a 
< as 
5 eae 
Se, 


aprrectable and produced a zero error, 
The coratancy of duty rat‘o is assumed to be good in these de= — 
vices, In our case, use of feedback and switch detection gave indepen=- 


dence of duty ratio lst wees over reasonable limits, 


at oes 
Mad 
Fs 


The phase shift of the particular “chopper ~ uaed, is about i, 
119° at 400 eps as said by the minufacturer, This vhase shift ie coubined 
electrical ane mechanical phase shift, : 4 ' 5 A 

As oan be seen from the circu’t diagram only one side of the 
switch has bocn usec ta accomplish the modulation of the signal, which wi 
be in consequence Just. half-wave z0du slated, giving: thon the start an ‘atte: on 
uation of 2, Even ‘LP the type of input circuit used were sui table for full: 
wave modulation, it still would be worth not to use it, in face of ‘the at 
Vantage of using the othe: side of the switch for the synchronizing clreutt, 


Except for the fact that the attenuation will increase the value 


this lose since it can be compenstted by the gain in the amplifier, 
Ana Fike utvaenien of usine the other side of tie switch for 
aynckronizing purroses iz ee : 
a) Exact synchron‘ zation is possible at ell tines, independent of 
any phase disturbance at the "chopper” due to mechanical shocks or any 


other reason, since any disturbance in the signal carrier will af‘ect the Pet 
*, 1 
im 


eynci.roni aing voltage in exactly the same fashion, 
b) Ho pover is drained from the, carrier scuree for synchronizing 


Purvoeses, 
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If the carrier were direetly applied to the detector a dee 

finite anount of power would be requ ved from the s Mae Bi mace a 
ae et 3 % 

| An elenentary Fourrier analysis vill help to have a better ah. 3 : 

; understendine cf the problem we have in hand when tribe to amplisy a ee a 

rita, nodulated sifnal, ; 


| + A wave of this form 
. ra ." 4 fn (1-&) 


Can he deseribed by the ah odor i, expression ) ae 
— £(t) 2 F (1k) + TE of ogi Cos ua (ae ~ wf wo seen 
bi Be p * Ss ae & 
- a ; 2 = 4 4 
F > i an es gin (kun) cod (2eognt) 
For E = E. sin “at the expression will be modified: Siete 
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This last expression shows that for the case when k fo we 
have the presence of every harrenia of the carrier frequency with the “a 
atgnal frequency added to or subtracted fron it, | | wi 


For the tyne of input circuit need 
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har The Sites capacitor found in our input circuit will crevent 
~ © rh 
‘ , eae 


“ nlated, Due to its value and to the time constant of the circuit, St w121 
ig corstitute ‘practically a short circuit for 400 eps or bigher frequencies, 
a Tt il ofcourse stop d, c, and will not be an easy path for Low frequencies, 
a ae The low capacitance condenser in parallel with net switch is . 
_— @esigned eveontially to absorb any self inductancs effect coming from the 
a “muitehing action, 


It will certainiy attenuate high frequencies; this attenuation 


Se shows in the roun’ing of the leading ecges of the othervise square wave 


~ generated by the "chopper", 


Md a. 
é ; " a 


D 6A, fC, Avplifier and input circ - Deseript f ION 
1, dIntredvction : 
The components of the signal circuit will be deseribed from. left 3 


to right as seen in the circuit diagram, 
The values of the resistors and capacitors of B, Cy explifior 
will be commented upon only when they depart from the usual in some manner, 


The choice of most of them was based on ‘hoa tables Found at the > 


end of the RCA Reeeiving Tube Manual,- aie ae 


* ng 
re 


The sizes of the coupline anc cathode capacitors were inoressed 


ai 


th 


somewhat, the first one to decrease the phase shift at the carrier frequency 
and the second to lessen the possibility of "hun" piokeup acress the cal chote 
Bee ase. cake 
2, imput resistances. 

; The resistances used at the three different inputs, and the fends 
baek resistance were all chosen 1 M3 the first three to nie the desived | ; 
‘npot impecance for the separate inputs and the fourth to make the feed~ 
back voltare to nave the same weieht as the input signals, in determining 
the et to the arplifisr. | ; 
Cathoce follower = The grid resistance of 1 M was chosen not to 

cause unnecessary aticauation to tre input elenal and its maximun value 
Fas limiter by the desire of not Lacreaitas too much the Impedance ievets2 am 
at the input, | 
The value of the catrode resictor was chosen to give the desired a 


value of bius at sero input signal, At the values used, the gain for gmel> 


wAcE.2 


be aN AN nice 


= 2. wih 
5 oy, 


pers 


. to the small signal amplitude at the earlier steges, This Mnosrity wes 


“a 
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signals is in the vicinity of 6,9, waren ie 
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The values of grid and piste resistances rere chosen in accord= Bt 
ance las tek the RCA Manual, Coupling and cathode capacitors were pone 


modified by the reason explained at the Introduction, var ee . Be 


The values of cathode reaiatore were increpsed to’ bring dow , ae * 
the operating points in the plate charactorists ca. The aprMed voltage, ia 


wy eae 
ee * 


_ Ebb came down in the dnittel stages due to the decoupling of thie eutoly, 
In this way, ‘astng the same bias we ‘would: have ann tag current. and fence Lhe 
the ¢ larger value of the cathode Fopeskore neoted te: secure that: phan: ue 
Vee The: eurrent drain from the power supply was slightly pat: < 
. although thi is not too i grtPloent: Linear operation was inured: a : 
wetttes later experimentally, xt 3 ae : 
' The size of the gain potent onater wes chosen aS @ rervlar gria 
; resistor), : ie | ‘ A 
eg Outen mt clreust 5 sy | 
| Under this title willbe considered ithe éLé s ovtent ‘tate ona oe sy 
| outpet transforver, eyed | 
| Little ean be told about the ave ainee ha 2 palay: for: se o: 
Ss; / 


A 
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as. clase Ay ampli fier and 300 V plate eupely were followed, att 
The futput transformer was seleated bering a stent a. ‘gone ime: pre) . 
pedance metching, in order to make the 616 to ‘cpevite! ‘on the desired oad | 


line, A transformer having the correct turns fatto (te match 15 & Ab'sgo 
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The icoel operation of the caxplete system we are trying to ae 
describe would ber 

a) . Generation of moduleted square neves by a "chopper". 

b} «Amplification of the modulsted square waves by a vide band 


amplifier, 


c) Demeduletiun and exact reporduction of the original signal 


¥ 


amplified by wreans of a second "chepper" in synchronism with the first one, 


f iA 
, 


The power level we tt have at the output preoluded the use hy 


a@ mechanical dencdulator since usual ly these Instrunente are mace for « a es, 


re 


’ ‘ = 
current of the orcer of 1 ma, The field wes wide open for the dichind ofa z 
Tinie sens) tive Pomoc ‘wiator, Several types were investigated and finelly 


the gO Called fulle-pwave btedtrcetional switch demodulator Was chosen, 


This type of denoculator is the electronic Ae ete to the 
Mechentcal avitch awl this fact primarily oriented the cheice, es, Fs 
As ean bo sean from the Alagrem it has @ diedes of which only 4 


resliy matter in the question of linearity, Even so, _ use of a resister in ff 


5 ; ie 
series with each dicde acts as ae cemmensation for air ferenee in charecter= wih 


, 


istics of wie diodes in such way that the resistors themaelves Sake the . 


place ef the vacuum tubes on the reeponsibi lity for balanced operation of 


~ 


the fencculatour, 


The circuit 1a very ginple and good cpcration wilt not depend 


i 


on the amplitude of the reference voltage as long ae it is bigh enough 1 ae 
3 » 


Stock the Aiodea in the prasence of the applied modulated sirnal, 
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There is nothing to fo wrong with the demodulator, except the 


diodes or a cefeative reaistor, 


synchronism 4t will go on forever independent of further gain or belance 


- adjustrent, 


Sinee the amplifier has plenty of. rosorve to sarap it. ite es ee 
In systems shore the ratio betreen the pest froqueney and t we 


a reduced chance of interference of unwanted signale, in e ere 
2. Operation nae 

The following Glagram will help the reader to have an idea of 

how the eight tubes are used to sniehie a fullewave phasé-sensitive lack ia 

modulation, A particular instant ia chosen and at that instunt the <4 


.forners are replaced by batteries, In order to understand the analogy 


with a switch action, it must be assumed that whenever the: polerity , OF *e: ida 
the reference signal changes, two of the "reference” dtodes conduct instant= 
ly and the other two cut off also wats mabe At the asme time ‘tro of the ‘ae 
- * signal” diodes are dlocked and two are anbladhed also instently, tha'kes! a 
ference voltage should have greater amplitude han the ‘signal inp eag th 


such way that the assumption can be he gabe as correct, 


| The letter N near a diode indicates "not conducting" either 
ae “because there is no signal of the correct polarity aprlied or because it 
ee Kiodied by the reference signel, 

The diagram 1s self explonatory for every cifferent situstion | 
i. * dod chore how ate one half of the secondary of the signal output trans- 
. torner sorks at a time, 

reas 3. £ t d joad 
te oe It is clear that under the taeal operating conditions, the oute 

; put’ tube of the a, c, amplifier sees the total (internal and deter tel 

dicde resistence of one Ciode in series with the load resistance reflected 

by one half of the secondary of the output transformer, 
sie Kom The simplifier diagram also shores that the ontput ke of the 
| Synchronizing cirouit sees the total diode resistance of tro diodes re- 


|. flected by the whole secondary of the output transformer, It 1s easy to see Vee 


So ead > jade 4 
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that the tro transfersers wast differ if the tro output tubes are the. san 
anc we want t>em to rave identiesal operating conditions, | 

es 

In our case we had to use identical traneformers and this reduced 

the maximum obtaineble reference voltage and consequently the maximum possi 

rectified signal, | : 

It sheult be clear however that the physical limitation for the 4 

amplitude of the rectified signal 4s ¢ictated by saturation of the (odes, 

provide? the amrlitude of the reference yoitarse is. kept high enough, 49 o 

justify the assurrtion made previously, If a suitable combination of ‘trans 

former and eiode resistor were uagt we would be able te obtain a maximum = 

output signal consinerably larger than what was actually obtained Carbut 

20 volts), 


5. Data et mediur 


In order to have an fase of the auality of operat ior of the de- 4 
modulator in questicn, tro 4CC cps signale were applied at both endss te 
of fimed armplituce et the reference end and one of controllable amplitude as 
*s the signal end, & 0,1 mf capacitor zas used to le RR ripple, 

Pets an? corresponding plot are centaraas in the next two pages, ; 

It can be observed a noarly linear is the response at this 
voltape level, It can also be obeerved how the linearity falls off when 
the applied voltegse aprroaches the reference voltage in magnitude, 

ihe rer“*ormance of the democulator in esctual operation, integrated — 
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_ Following the sare pattern as when the a, c, smplifier was dese= a 


b] 
éribed only the nore unusual points r111 be commented upon, 


Data for the stages of amplification using a 6SN7 and a 614 
were taken with very little change from the RCA Menual, a 
| The load for the output tubs was not the corrent one since @ 
“ transforner with the desired turns ratio was not aveilable,.es has been 
. CP elted out in item B=-4. of the section of Modulator, 
ee Square wave generator 
eS ae _ & cireuit known generally pied sweep chreuit was used et the 
“Apt ‘Due to the large time constants involved as compared with the 
duration ‘of “ye suscep, we really had a square wave generator, The dure 
ation of the sweep was controlled by the "chopper", 
7 _ Depending on whether the sritch 4s open or closed the circuit 
prevents the followine configurations: 


amitoh closed azitch open 
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Where the period of charge and discharge are approximately 
4 ke: 


sare and equal to 7,5 x 107° seconds, 

Due to the relative masnitude of the timé constants ag costpeatie 

, the periods of charge an¢ @ischarge, a”good ms cartel oe aan be 

obtained by considering the current as conetent err oF varying ¢ 
entiaily, 

All we want is to have an idee of the magnitude of the input ij a 

voltaze to the amplifier, | eta: citi: RN 

Solution of tue ciaultaneous equations involving exponential 

give the value of the c.pacitor voltage at the recinning and end of cha: 


am) discharge, 1, e., 


maxim: and miniaum capacitor voltsges, They ore : 
retpectively | aa 
7 By « .%6 volte |  ~—Ex = 67 volte Pay: 

_Fror the cirevit diacrans for chargeand discharge and using th 3 
abeurpti-n of constant curront made previously, it is possible to saloulat: 


the tuc valres o° input voltage: 


20Q_2 87. x 10”: 0,6 volts, 


fe. ) 2 = 
Le Eiesy & 5000 + 10 

(a, i” ~ leo. x 10 « -0,06 volte 
Gach 19 tae 


The .00 cps component aust be amplified to be used as reference a 

veltare at ey enocdulator, ms 
36 Mher sierificant, features 
Althouch the ampli ftesation factor of the 6SN7 is ouite smaller ae 


than the one of the 6SL7, it stil) io mere than enovrh far what re have ; 


40.» i ae 


in mind, Assuming a gain of 1£0 for the tro triodes and a i gath of 16. f 
the output tube end output troneforner the oveivoahl gen is of the onto 
of 2000 which would give a panheeianil amplitude of a 
(0.6 + 0,06) x 2000 = 1320 volts | eer 
_ This gain would be sufficient to saturate the ‘natepust a ng 
those conditions, hp A a en 
For that reason a potentiometer was used as a ete resistor 

for the output tube, in such way that the gain may be adjusted for the 
ibaa operation, | art Bue 
The cathode resistors for the tno halves oi the 687 vere. 

pietehpt different from the values presented in the RGA Yanue? bevsinse’- ; * 

we were operating with a lower plate supply due to the decoupling network, ; 
| The ‘capacitor used in paralled with the primary of the output. fc 
transformer was experimentally determined to rive the best eynehroni zation 
for effective demodulation, It also serves the secondary purpose of . ai 

attenuating high frequencies, In fact it also attenuates sonenhat at saa 
400 eps, but this is not sericus since this cau be more or less compensated 


by gain adjustment if the need arises for larger gain, 


G ] 
1, Plate supply 
Since no stabilized power suprly waa supposed to be used in this 
amplifier there was nce particuler need for tuilding one, a 


At the start the 250 volts supply from the Laboratory was used, 

Ly 

Since the amplifier was planned for 30° volts, a power supply existing in — 
‘ : sod se 
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nation, The good grbtnding of one side of this supply voltage had a con= 


“Sable all the remaining tabes had 6,3 volts a, c, in their heaters, 


ef 0,3 amp, wes made to flow across ther from a bridge circuit of sacks 


ea reduce the ripple at the heater of the input tude to about (,? volt a, c, 


“siderable bearing in the performance of the systen, 


vee Tt vos made through a filament transformer, Both sides of the Line were 


Reearoted to ground across 50 chms resistore, 


jee neh. ae . Re 


the Laboratory and having the desired terminal voltage was used, 
It presented cood characteristics of regulation an? filtering 
for the civen load, ami ha@ no spoeial features, | 


ai Filament supply 


As dictated by previous experionce, two types of heater supply : 


were weed: a, c, and a, ¢, Direct current supply was used for both 6SL7's 


rectifiers, 
Effective filtering through electrolytic capacitors helped tc 


xf a &n insulating transformer was used to make thie grounding possible, 
Yo particular problem involved the 6,3 volts a. c, heater supsly, 
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2 


Use of modulation to improve the conditions of emplificetion, 


of low frequency signels and use of feedbeck to make the gein leas sen= 
' et 
sitive to changes in concitions of the circuit are supported by theory, 


In fact the theoretical oreration of the systen baing discussed — 


2 


4s auite simple anc 411 we have to worry about are the reasons which ¢atise 
departure from the ideal conditions, 


Despite the faci that the signal flow actoss the systen en 


77 


easily visualized, theoretical analysie is somewhat more involved due es- 
‘ . ‘ 4 : ; ; 
sentislly to the presence of a non linear element, represented by the con- 


* 


tactor, The certactor is said te be non linear, meaning that it can not 


be described by a Iapluce Transform, However, if some analyeis is to be — 


or 


made it should follew the same pattern presented on Meference 6, ae 
Further ciffleulty on the analysis appears vith the presence of | 


& transformer whose characteristics are unknown and wer? not thought north- 


while te measure, an 


In that ray all was tried to do vas to Mmit the phase abit. 


5 i 
along the a, c, amolifier for the frequencies ve were intersated in, and 
to attenuste frequencies out cf this range, This was accomplished through 

é ty, 


selection of adequete values for resistors and cupaditors in the amplifier 


and in the output filter, It wes assum-d that the phase shift introdneed — 
rea a 

by the ontput transformer wouldn't be large enough to become troublesome, | 
. Sanity. 

Corrective networks es presented in page 339 of Peference 6 were not cone 


ia 


sicered necessary, 


B, bili 


Se nve6 


tubes, The changes are further attenuated in a ‘output transtorner a 
finally due to the balanced arrangement of the demodulator circuit they. 
are reduced to a negligible value, ” : : it 


There are, however, shia: sources of zero ‘Gisturbanees end sone a 
th 


of those are not eo easy to eliminate, Thay can be of electrical, , sagnetic, 


; mechanical or Tietal nature, We will not be too yuch concerned with the 

last one since its level will be ree comparison with the input 

nee we intend to rork with, nas : ae 

ee improve the sineeeleit bedi: to mechanion! shocks, the first w 

Bec counted on a floating socket, If mpre tuprovestut is desired ty ee 
whois chassis can be weunted on eabher supports, Cae ot 2) . ee 

The electrical tide vannas need some nore attention “Since the 4 

' signe] goes throuch the amplifier escertially eas a 400 cps, netutatet: vert 

age, any 40C eps, ever entering the ampli fter ck cabernet the nero, 


The safe practice woul? be to exelude the possibility of this ease 
The only place it can enter the bi! Seal fe through the contactor, at ‘ed 
start, the error coming from this fact was Wt noticeadle but aA, jocrensad! 
sonewhat by the insertion of a center tavped 160 ohms at the he thoade ofthe i) 


transformer supplying the 6,3 volts, 400 aps. , to the contactor, The center 
a 


"| @bangee An grid to cathode voltege dn compari gon with the correspohding tan 


Sh 


q tored to reduce the amount of 60 cps and 400 cps entering the auplifter, 4 


the Sai aah variations of it can, ‘te they ¢o they can become rodulated 
i ant cause some interaction with the signal being modulated, Use of a cath- 


hede follover ‘as the input tube {mproves the situation due to the very ene 


ope ¢ ‘Magnatie: zere disturbances may be present cue to the Linking of | 
loops in earlier stages of the amplifier with 60 or 400 cps marnetic fiel as. 
~The 400 eps may cause a deo error at the output and the 6 gps will be pre- 

senit as any ‘other input signal, Te correct this, the looua in the earlier 
© stages wast. be an small as possible and if Leah eiantreat ton ig desired, 
magnetic shielding would have to te uséd, i 


«GO. Gain stabi itty 


tap was connected to groum? end adjusted to cave the stallest aero — 

Because of the fact that the septic jis to be used with up 1 
40 cps input signal, a 60 ops voltere in the amplifier will behave joat 
like a aint and will be present in the output, 


In an idesei set up, the input would have to be ‘shielded and rie 


ened a steady dee yarncht from the first gard cannot reach 9 


rN 
i, 


y 


4 Shenzes of ste input signal, from grid to ground, Uke. 


Elenentary feacback theory shows that the changes which hepren i 
in a feedback circuit are decreased b; a factor which 1a relatad to the | 
loop gain, In this way, the larger the loop gair, the larger the gain 
pet we can achieve, | 

- Stability problems prevented the system being. wi ccumund from 
having a loop gain larger than 40 at a forward eett aoe of 50C, | 
St Lec 


ee 


Under those conditions, making use of the expressic® 


1-0/4 


' ey : 
. yw) a" Lig j 
ee 7 s 


ria atahy trial « 
Pak Ad sb, 


ORM 


7 


, = ee his: me 
Sis , ‘ 
fioy' conte Yetet 7 


45 = ‘ Pee a 
i “as as Pets Ay ae | 
ry és re % 3 Cs a 4) he ee ‘ 
vk ie 


easily seen that «a change of 10% ing will cause a change of only 0,33 


on the net gain, 


If the bandwidth of the system ie reduced by the use of a large 
capacitor in the output, the loop gain may be increased, A 10qe cane 
brought the Joop gein up to 500 but evidently dm thet case the bendwidth | 
is recuced in a very great extent, a . 

Under the corditions in which the amplifier was. seahet, 4t s bead 
@ good gain stability wien waa left for sever} hours with the same eign) 
applied, ; | « ee. 

Fhe resnonse was found to te essentially as 0 to 48 come 
D, Stability arcinst ogcillution : eit 

The taxinvm obtainable loop gain is linkted by the possibility 

of gectTlaticn anc is a compromise with the bandwidth of the eivton Sa 


of a largs outrut cordenser will decrease the bandwidth bt will help the — 


“> 


stebility enc rill permit vee of a very lareg forward gain, 
On the othe . tan if the bandwidth ts to be increased the outs 
put condenser hag to ve aecreasec in size and a relatively larce nota z - 
of G00 eps riprie is present in the output and this brings a definite Limite 
ation to the maximum loon cain, in other words s situation arrives when 
the 60°C eps veltare is comparable in amplitude vith the output voltage,: ie 
When this happens the operation of the system heowabe erratic, | 
Existence of feedback, othe: than the one intended, should be t 
keot ae low as posvihle, Every kind of spuricus fisturbance must be pres 
vented, This wes tried in several ways - Gecoupling of plete eupply, 


fiiterinr on the heater supply, goo? fround connection and shock proofing 


of the input tube against mechanical feedback, at Bee fi) 58 


E. Performance of the arstom 


“fo extensive measurenent Ate were takealt from the pertenranéey. 
# hati 
since the systes as it 15 is very flexible, Any amount of gain for. fre- © 


quencies from 0 to 40 cps can be obtained with verying values of etn 
etubility, dependtse on the desired bandwidth, | : | 
Osclilation iter u carpe ee mit on the opt man Shuibtettol ‘ers 
gain stability anc bandegath, The enc aavet date shows sone of bed - rel 
‘obtainable with the aystex, Se a, a 
| ‘On the re for verification of the danditdon: 
nah hectce 

Bu reo 
Since the linearity and additive properties: of the. syaten bad : 
been verified previously, only the ie aes expression below was + comp 


- @ ; , | 


1 s 4, ee » 0 P ane 3 


Data was teken for x = 10 (minionum silts gein) sit ide it constiti 
the most eritical situation, In other vords, at the condition is oilseed 
for x = 10 it. will alse be for Kea Lots oe ‘ 

Three oact Llographs for input: anak of 20. eps, 30, cps, ond J 
cps are. enclosed, The net gain. of the d, ,. eoplt far was 10 when thos 


‘oscillographs vere made, A very noti ceable. bareonic: content oon bg. seen, b 
_ in the 20 ops graph, 60 eps dieterbence’ can: be (seen in all Poss yt 
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DATA i i 
Date for maximum and minimum net gain of the system when the 


¥ “forward jain was adjusted to give stable operation for a, c, signals 
‘fe : ie 


under. any condition, 


ase ee ee eee re a 
ers Bes, aks %5, * s34. 7 Sout 7 SB goin‘ 40,5 
ie, maximan Joop gain » 40,5 wee 
eke 30 cna ; 2 a lV Oe 2eiV gain x 1 
ae ae @, = WV e,.25V gain m 34,6 
dee’ “ i out : 
in Aaa maxinum loop gain a 35.6 
. : 
£0 ops 6,,21° ®out e1lV | gain » 1 
Se ale &,° ps Fe Sout * 4.4 ¥ gain » 31,5 
maximun loon gain = 31,5 
D.¢, %, s lV Oat e 1,3 V gain » 1,3 
@,, 2 03 Ve, =e 37 gain = 63,5 
Bor | Qn = 0 eout * -lL.1V 
Tea! equivalent input error « 0,0172 V 
naximum loop gain a 49 


800 eps ripple at ®1n * 0, open Loops 6. = G,09V maximum 
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‘Obs, The sae voltare war acevretely ‘ce on a Dumont Hunk onal osce i 


¥ 


The outmit settain was read wi ithin -C5 V ras from a RCA Jandve Voltohntst 
ae . . 


wep ae , lr, See 
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pt Sarna aaa 


} 


cone FA eae gee ee ' 
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} EF 
t 
t . ; ; 
' | . > } 

‘ ' ’ } i } 


fer the same net gain, what really means a better gain stability, 


improve the system since the 00 cps ripple 4s a limiting factor for the 


rae 
. 
A 
f h 
ee ay 
E ; 
ay Be ‘ ‘ a * 


Beis 
| The amplifier as 14 wae when the investigation was concluded car 
be considered as good, In fact it complied with all the speci feattone 


at the start; some questions might still remain as for the flatness of rads 


ek 


which was not extensively measured, ie 
Definite limitaticn had to be placed on the forward gain due i 
stability reasone, The maximum vossible loop gain was found to be of the — 
+" 


order of 40, Small additions to t:e circuit and a rore careful prevention 


of spurious signals should make possible the increase of the forward gain 


The zero ¢, c, errer vas decreased in some sxtent by a convenient 
ground on the 400 cps: suny Ly for the “ehoprer", Zero a, ¢, disturbances 
wore curbed as mmch as vossible, 

A 60 eps voltage wa- present at the output, A better 60 eps 
electrical and magnetic insulation and shielding is necessary for future 
desicna, « 


Introduetion of a mors elaborate filtering at the output will 


minimum sic¢nal that can be applied to the input of the a, ¢, amplifier, 
The “chopper” is considered to operate satisfactorily, the 
switch damodulato: gave very good results an? the synchroniaing circuit 
proved to be a valuable addition since net once was the system observed | 
te come out of synchronism, 
Further work on this particular project must be centered of 3 


more @laborate construction in order to crevent spurious voltages of coming 
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